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Abstract

Objective: To examine the effect of census caps and unit-based admissions on resident workload, conference atten-
dance, duty hour compliance, and patient safety.
Participants and Methods: We implemented a census cap of 14 patients on 6 Mayo Clinic internal medicine resident
hospital services and a unit-based admissions process in which patients and care teams were consolidated within
hospital units. All 280 residents and 15,926 patient admissions to resident and nonresident services 1 year before the
intervention (September 1, 2006, through August 31, 2007) and 1 year after the intervention (May 1, 2008, through
April 30, 2009) were included. Residents’ workload, conference attendance, and duty hours were tracked electroni-
cally. Patient safety variables including Rapid Response Team and cardiopulmonary resuscitation events, intensive care unit
transfers, Patient Safety Indicators, and 30-day readmissions were compared preintervention and postintervention.
Results: After the intervention, residents’ mean (SE) ratings of workload appropriateness improved (3.10 [0.08] vs
3.87 [0.08] on a 5-point scale; P�.001), as did conference attendance (1523 [56. 8%] vs 1700 [63.5%] conferences
attended; P�.001). Duty hour violations for working more than 30 consecutive hours and not having 10 hours off
between duty periods decreased from 77 of 9490 possible violations (0.81%) to 27 (0.28%) and from 70 (0.74%) to 14
(0.15%) violations, respectively (both, P�.001). Thirty-day readmissions to resident services decreased (1010
[18.14%] vs 682 [15. 37%]; P�.001). All other patient safety measures remained unchanged. After adjustment for
illness severity, there were no significant differences in patient outcomes between resident and nonresident services.
Conclusion: Census caps and unit-based admissions were associated with improvements in resident workload, con-
ference attendance, duty hour compliance, and readmission rates while patient outcomes were maintained.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(4):320-327
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I n efforts to decrease resident fatigue and en-
hance patient safety, much attention has focused
on reducing residents’ duty hours.1,2 Far less

consideration has been given to determining the op-
timal workload for residents to achieve the best
learning and provide safe patient care. However,
simply compressing a fixed amount of work into
fewer hours may adversely impact residents’ educa-
tion3,4 and may not decrease resident fatigue.5,6 As
duty hours are further reduced,2,7 residency pro-
grams must ensure that residents’ workload is ap-
propriately managed to optimize education and pa-
tient safety.

High resident workload has been associated
with less sleep while on call, decreased participation
in educational activities.8 increased medical errors,9

and higher patient mortality.10 In contrast, reducing

workload has been shown to enhance resident sat- h

. � April 2012;87(4):320-327 � doi:10.1016/j.mayocp.2011.12.012 �
isfaction, increase time for teaching, and improve
the quality of residents’ discharge summaries.11,12

Inpatient volume (census) for individual resi-
ents and the resident team is a major component of
esidents’ workload.13 However, other factors, in

addition to patient volume, also contribute to work-
load.13-16 One such factor is work efficiency, which
includes time spent on indirect patient care tasks
(eg, placing orders, obtaining test results, documen-
tation) and transit (eg, traveling to and from various
hospital units).17-19 Residents taking care of a group
of patients who are geographically dispersed through-
out hospitals experience inefficiencies related to phys-
ical travel between hospital units as well as potential
differences in processes and systems of care across
units.17,20,21

Recognizing the potential risks associated with
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page 311
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CENSUS CAPS AND UNIT-BASED ADMISSIONS
dents’ workload by implementing a maximum pa-
tient census (ie, census “cap”) of 14 patients on the 6
internal medicine resident hospital services at Mayo
Clinic. In addition, to increase work efficiency, we
developed a unit-based admissions process in which
patients and their multidisciplinary care team were
geographically consolidated on a single hospital
unit. The aim of this study was to examine the effect
of these 2 interventions on residents’ perceptions of
their workload and education, residents’ educa-
tional conference attendance, duty hour compli-
ance, and patient safety.

PARTICIPANTS AND METHODS

Study Design
We conducted a prospective, controlled interven-
tion of the effect of resident service census caps and
unit-based admissions on residents’ workload, con-
ference attendance, duty hour compliance, and pa-
tient safety at Mayo Clinic in Rochester, MN. All 280
residents on 6 internal medicine resident services
and all 15,926 patient hospital admissions to the 6
resident and 4 nonresident hospital services 1 year
before the intervention (September 1, 2006, through
August 31, 2007) and 1 year after the intervention
(May 1, 2008, through April 30, 2009) were included.
This study was approved by the Mayo Clinic Insti-
tutional Review Board.

Resident and Nonresident Hospital Services
During the study period, there were 10 general in-
ternal medicine hospital services at Mayo Clinic in
Rochester, MN. Six of these were resident services
composed of one attending physician, one senior
resident, and 3 interns. The remaining 4 services
were nonresident services staffed by hospitalists and
nurse practitioners. Before the intervention, resi-
dents admitted patients to resident services until in-
dividual admission maximums were reached, ac-
cording to existing accreditation requirements.22

Remaining patients were admitted by hospitalists
and nurse practitioners to nonresident services. Ad-
ditionally, there was no dedicated process in place
to admit general internal medicine patients to spe-
cific hospital units; thus, before the intervention,
medical patients were admitted to various units
throughout the hospital on the basis of bed availabil-
ity rather than service assignment. Before the inter-
vention, patients were not triaged to resident or
nonresident services on the basis of illness severity.

Intervention
To reduce residents’ workload and enhance their
ability to attend educational conferences and meet

duty hour standards, we implemented a 2-part in- c

Mayo Clin Proc. � April 2012;87(4):320-327 � doi:10.1016/j.mayocp.
www.mayoclinicproceedings.org
tervention. First, we initiated a service census cap of
14 patients on each of the 6 general internal medi-
cine resident hospital services. Of note, the Accred-
itation Council for Graduate Medical Education
does not specify a census cap; rather, service census
caps are determined by the residents who make up the
services. In the most conservative estimate of these re-
quirements, there would be a maximum of 20 patients
per team.23 In our intervention, once resident services
eached a census of 14 patients, additional patients
equiring hospitalization were admitted to nonresident
ervices. Patients perceived to have higher illness se-
erity were preferentially admitted to resident services,
nd postprocedure and observation patients were pref-
rentially admitted to nonresident services.

Second, we developed a unit-based admissions
rocess in which general internal medicine patients
nd their resident care team were geographically
onsolidated on a single hospital unit. Each of the 6
esident services was assigned to a specific hospital
nit, and patients admitted to these resident services
ere assigned to rooms on the corresponding unit;

herefore, residents, attending physicians, nurses,
llied health professionals, and patients for a given
ospital service were all located in the same place.

The intervention was phased in over a period of
months from September 1, 2007, through April

0, 2008. The 1-year preintervention period was
efined as September 1, 2006, through August 31,
007, and the 1-year postintervention period was
efined as May 1, 2008, through April 30, 2009.

utcome Measures
he extent to which resident service census caps
ere successfully implemented was assessed using

he maximum midnight patient census (defined as
he total number of patients on the resident service
t midnight) on each of the 6 resident services. The
egree to which admitted patients were successfully

ocated on the home unit of their resident service
as examined using the percentage of all admissions

ocated on the appropriate hospital unit.
Residents’ perceptions of their workload and

ducation were measured using an electronic survey
dministered at the end of each residency ward ro-
ation. Survey items were structured on 5-point
cales (1 � needs improvement, 3 � average, 5 �
op 10% of all rotations). Residents rated the appro-
riateness of their workload by responding to the
ollowing item: “The census/caseload was appropri-
te to ensure quality patient care and education.”
ince one potential consequence of reducing work-
oad may be decreased exposure to an adequate
ange of patients and diseases, we examined resi-
ents’ responses to the items “I had the opportunity
o manage a wide range of pathology in this spe-

ialty” and “I had the opportunity and guidance to
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develop skills.” Additionally, residents rated the
quality of their educational experience overall using
the following items: “The rotation conferences were
valuable” and “The rotation was a valuable learning
experience.”

Residents’ conference attendance was recorded
daily for each required educational conference using
an electronic card-swipe system. Conference atten-
dance was reported as the percentage of total con-
ferences attended. The total number of conferences
that residents were expected to attend was adjusted
for duty period and days off such that residents were
only considered “absent” from a conference if they
did not attend a conference that was scheduled dur-
ing their assigned duty period. Residents were not
considered absent from a conference if the confer-
ence occurred during their days off or designated
rest periods.

Compliance with duty hour standards was mea-
sured by residents’ self-reporting via monthly elec-
tronic surveys at the end of each rotation. Residents
were asked to report the number of times during the
rotation that they violated the following duty hour
standards22: (1) working 30 consecutive hours or
less (24 hours per clinical duty period plus 6 hours
for patient handoff and education), (2) obtaining 10
hours or more off between duty periods, (3) work-
ing 80 hours or less per week averaged over a
4-week period, and (4) obtaining 1 in 7 days off
averaged over a 4-week period.

Patient safety outcomes determined for all pa-
tients included: (1) Rapid Response Team (RRT)
events, defined as the number of patients who re-
quired one or more emergency consultations from
the hospital RRT; (2) cardiopulmonary resuscitation
(CPR) events, defined as the number of patients who
required emergency CPR one or more times; (3) in-
tensive care unit (ICU) transfers, defined as the
number of patients who required one or more trans-
fers from the medical ward to an ICU; (4) Patient
Safety Indicators (PSIs), defined as the number of
patients experiencing one or more of the 20 indica-
tors from Agency for Healthcare Research and Qual-
ity Patient Safety Indicators24 version 3.2, modified
to exclude conditions present on admission; and
(5) 30-day readmissions, defined as the number
of patients dismissed from the hospital who re-
quired readmission to the same hospital within 30
days of dismissal.

Data Analyses
Changes in residents’ workload, conference atten-
dance, and duty hour compliance were compared be-
tween the preintervention and postintervention time
periods using mixed linear regression models or Fisher

exact tests with continuity correction as appropriate.

Mayo Clin Proc. �
To compare changes in patient outcomes be-
ween the resident and nonresident services before
nd after the intervention, a difference-in-difference
nalysis was performed. This allowed us to examine
f the direction and scale of the changes in outcomes
iffered between the 2 types of services from the
efore to after time periods. The difference-in-dif-
erence models were fit for each of the patient safety
ariables, including RRT and CPR events, ICU trans-
ers, PSIs, and 30-day readmissions. Since patients
ith greater illness severity were preferentially ad-
itted to resident services in the postintervention
eriod, models were adjusted for anticipated differ-
nces in illness severity and patient complexity us-
ng University Health System Consortium expected

ortality and expected length of stay.25 To account
for multiple comparisons, a significance level of
0.01 was used. All calculations were performed us-
ing SAS statistical software (version 9.1; SAS Insti-
tute Inc, Cary, NC).

RESULTS

Census Caps and Unit-Based Admissions
A total of 15,926 patient admissions were per-
formed by resident and nonresident services during
the study period. The resident services performed
5567 patient admissions during the preintervention
period and 4436 admissions during the postinter-
vention period, whereas the nonresident services
performed 2315 patient admissions before the inter-
vention compared with 3608 admissions during the
postintervention period.

The Figure shows the maximum midnight pa-
tient census among the 6 resident services during
the study period. Before the intervention, the maxi-
mum midnight census on any one of the 6 resident
services ranged from 8 to 19 patients, whereas the
maximum census ranged from 8 to 14 patients after
the intervention. None of the 6 resident services ex-
ceeded the census cap of 14 patients during the
postintervention period. The mean (SD) midnight
census across the 6 resident services was 9.4 (3.1) in
the preintervention and 9.1 (2.2) in the postinter-
vention period.

The number of patients on resident services
who were admitted to their home unit increased
from 3887 (69.8%) unit-based admissions before
the intervention to 4053 (91.4%) unit-based admis-
sions after the intervention (P�.001). Because both
resident and nonresident services admit patients
from the same larger population of general internal
medicine patients seen at Mayo Clinic, the number
of unit-based admissions to nonresident services

also increased after intervention.

April 2012;87(4):320-327 � doi:10.1016/j.mayocp.2011.12.012
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CENSUS CAPS AND UNIT-BASED ADMISSIONS
Resident Workload, Education, and Conference
Attendance
After the intervention, residents’ perceptions of the
appropriateness of their workload improved from a
mean (SE) of 3.10 (0.08) to 3.87 (0.08) on the
5-point scale (P�.001) (Table 1). According to the
previously established 0.01 threshold of signifi-
cance for this study, there were no statistically sig-
nificant changes in residents’ perceptions of their
opportunities for managing a wide range of pathol-
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FIGURE. Maximum patient census among 6 int
midnight. No services exceeded the census cap o
vention period.

TABLE 1. Residents’ Perceptions of Workload and Ed
and Unit-Based Admissions

P

Census/caseload was appropriate

Opportunity to manage diverse pathology

Opportunity and guidance to develop skills

Conferences were valuable

Rotation was a valuable learning experience

a Scale of 1 to 5: 1 � rotation needs improvement; 5 � top 10
b
 Mixed linear regression model accounting for possible repeated me

Mayo Clin Proc. � April 2012;87(4):320-327 � doi:10.1016/j.mayocp.
www.mayoclinicproceedings.org
ogy (P�.05) and opportunities for developing skills
(P�.06) before compared with after the interven-
tion. Residents’ ratings of the value of the rotation
conferences (P�.04) and learning experience over-
all (P�.27) remained high and unchanged after the
intervention (Table 1).

Among the 280 residents, there were 5358 pos-
sible conferences to attend during the study period.
Before the intervention, residents attended 1523 of
2679 possible conferences (56.8%), compared with

ention

ate

Postintervention

Census cap

2008 5/1/2008 9/1/2008 1/1/2009 5/1/2009

Census cap

l medicine resident services recorded daily at
patients per resident service in the postinter-

on Before and After Implementation of Census Caps

ervention,
n (SD)a

Postintervention,
mean (SD)a P valueb

(0.08) 3.87 (0.08) �.001

(0.07) 3.65 (0.05) .05

(0.06) 3.80 (0.06) .06

(0.07) 3.82 (0.04) .04

(0.07) 3.75 (0.27) .27

all rotations.
nterv

D
1/1/

erna
f 14
ucati

reint
mea

3.10

3.85

3.78

3.62

3.86

% of

asures within participants.
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1700 of 2679 possible conferences (63.5%) after the
intervention (P�.001).

Duty Hour Compliance
Table 2 shows the changes in the frequency of duty
hour violations after compared with before the in-
tervention. Among the 280 residents in the study,
violations of the duty hour requirement to work no
more than 30 consecutive hours (including 24
hours for clinical work plus 6 hours for patient
handoff and education) decreased from 77 of 9490
possible violations (0.81%) before the intervention
to 27 (0.28%) violations after the intervention
(P�.001). Likewise, violations of the duty hour re-

TABLE 2. Duty Hour Violations Among 280 Residents
and Unit-Based Admissions

Pr
v

Working �30 consecutive hoursc

Obtaining �10 hours off between duty periodsc

Working �80 hours per weekd

Obtaining �1 in 7 days offd

a Risk of a violation in the postintervention period relative to th
b Calculated using Fisher exact test with continuity correction.
c Of 9490 possible violations among 280 residents.
d Of 312 possible violations among 280 residents.

asures Among 15,926 Patients on Resident and Nonres
ed Admissions

Service type
Preintervention,

No. (%)

tsb Resident 92 (1.65)

Nonresident 59 (2.55)

on eventsc Resident 30 (0.54)

Nonresident 8 (0.35)

Resident 260 (4.67)

Nonresident 113 (4.88)

Resident 48 (0.86)

Nonresident 20 (0.86)

Resident 1010 (18.14)

Nonresident 350 (15.12)

y and expected length of stay.
ired emergency consultations from the hospital Rapid Response Te
ired emergency cardiopulmonary resuscitation one or more times.
ired one or more transfers from the medical ward to an intensive
ienced one or more of the 20 indicators from Agency for Healthcar
n admission.

red readmission to the same hospital within 30 days of dismissal.

Mayo Clin Proc. �
quirement to obtain 10 hours off between duty pe-
riods decreased from 70 of 9490 possible violations
(0.74%) before the intervention to 14 (0.15%) after
the intervention (P�.001). Violations of the duty
hour requirements to work 80 hours or less per
week (P�.13) and to have 1 in 7 days off (P�.99)
were infrequent and remained statistically un-
changed with the intervention (Table 2).

Patient Safety
Table 3 shows the difference-in-difference analysis
of patient safety measures among resident and non-
resident services before and after the intervention.
The 30-day readmission rate significantly decreased

re and After Implementation of Census Caps

rvention
ons (%)

Postintervention
violations (%)

Relative
riska P valueb

0.81) 27 (0.28) 0.35 �.001

0.74) 14 (0.15) 0.20 �.001

6.09) 10 (3.21) 0.53 .13

0.64) 1 (0.32) 0.50 .99

intervention period.

t Services Before and After Implementation of

ntervention,
o. (%) P value

Difference-in-difference
adjusted P valuea

4 (2.12) .09 .99

1 (2.25) .45

0 (0.45) .54 .19

4 (0.39) .79

5 (5.30) .15 .88

4 (3.71) .03

8 (0.86) .98 .59

6 (0.44) .04

2 (15.37) �.0001 .04

8 (14.08) .27

unit.
earch and Quality Patient Safety Indicators version 3.2, modified
Befo

einte
iolati

77 (

70 (

19 (

2 (

e pre
TABLE 3. Patient Safety Me iden
Census Caps and Unit-Bas

Variable
Posti

N

Rapid Response Team even 9

8

Cardiopulmonary resuscitati 2

1

Intensive care unit transfersd 23

13

Patient Safety Indicatorse 3

1

Thirty-day readmissionsf 68

50

a Adjusted for expected mortalit
b Number of patients who requ am.
c Number of patients who requ
d Number of patients who requ care
e Number of patients who exper e Res
to exclude conditions present o
f
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CENSUS CAPS AND UNIT-BASED ADMISSIONS
on resident services, from 1010 (18.14%) readmis-
sions preintervention to 682 (15.37%) postinter-
vention (P�.0001). However, after adjusting for ex-
pected mortality and expected length of stay, the P
value for the change in readmission rates was
P�.04, which did not meet the statistical signifi-
cance threshold set for this study (Table 3). The
difference-in-difference analysis adjusted for ex-
pected mortality and expected length of stay also
showed no differences in RRT events, CPR events,
ICU transfers, and PSIs between resident and non-
resident services before compared with after the
intervention.

DISCUSSION
We sought to reduce resident workload and en-
hance education by implementing a census cap and
a unit-based admissions process on internal medi-
cine resident hospital services. This model led to
enhanced resident satisfaction with their workload,
improved conference attendance, and fewer duty
hour violations while maintaining a high standard of
patient safety on both resident and nonresident
services.

It is noteworthy that in this study, implementa-
tion of a census cap did not decrease the average
number of patients admitted by residents; however,
the day-to-day variability in patient census substan-
tially decreased. Thus, residents’ overall exposure to
patients was unchanged by the intervention, but res-
idents experienced fewer extremes in patient vol-
ume (high and low) after implementation of a cen-
sus cap. We hypothesize that greater stability in
workload provided residents with a more predict-
able daily routine that allowed them to plan ahead to
attend educational conferences and complete their
work within duty hour limitations. Furthermore, af-
ter census variability was reduced, residents re-
ported that their workload was more appropriate,
but they did not perceive a decrease in their oppor-
tunities to manage patients and develop clinical
skills. This finding underscores an important strength
of this intervention, namely, successful workload re-
duction without a concomitant reduction in learning
opportunities. Previous studies have shown declines in
clinical and operative experience after duty hour re-
ductions26-29; therefore, it is imperative that pro-
grams find ways to manage workload within duty
hour limits without compromising learning.30 We
present one model that appears to have extin-
guished census peaks, which have been shown to
adversely impact education,8 while maintaining the
breadth of clinical experience believed necessary to
attain clinical competency.31

Improvements in conference attendance and
duty hour compliance may also be explained by in-

creased work efficiency attributable to the unit-

Mayo Clin Proc. � April 2012;87(4):320-327 � doi:10.1016/j.mayocp.
www.mayoclinicproceedings.org
based admissions process. After the intervention,
more than 90% of patients were successfully admit-
ted to the appropriate hospital unit, resulting in less
time wasted on resident travel between units and
enhanced work flow. The importance of maximiz-
ing efficiency is highlighted by the findings of work
sampling studies showing that as much as 35% of
residents’ work on hospital wards is spent on activ-
ities of marginal or no educational value.17,18 Addi-
ionally, the burden of clerical work facing today’s
esidents is exceedingly high.32 Unit-based admis-
ions may be one potential approach to reducing inef-
ciency in residents’ work. Future studies should ex-
lore other potential sources of inefficiency, including
edical records, documentation, transfers of care, and

ischarge planning.
After adjustment for illness severity, there were

o differences in any of the patient safety variables
mong patients hospitalized on resident and non-
esident services after the intervention. Although the
umber of patients readmitted to resident services
ithin 30 days of hospital dismissal significantly de-

reased after compared with before the intervention,
his difference did not meet our threshold for statis-
ical significance in the difference-in-difference
odel. Thus, census caps and unit-based admis-

ions do not appear to have compromised patient
afety.

This study has several limitations. First, this is a
ingle-institution study; thus, generalizability has
ot been established. This model should be tested at
ther institutions to determine feasibility in other
ettings and reproducibility of outcomes. Second,
ur intervention had 2 components (census cap and
nit-based admissions), and we are unable to deter-
ine the relative contribution of each individual

omponent to the observed outcomes. However,
his is a common feature of complex interventions
mplemented in actual clinical practice settings.33

Third, although this study is strengthened by the
inclusion of a comparison group, which is often
lacking in educational interventions,34 we acknowl-
edge that the nonresident internal medicine hospital
services were not a perfect comparator. Physicians
on nonresident services do not have inpatient teach-
ing obligations, which may allow them greater time
to dedicate to patient care. Furthermore, because
both resident and nonresident services admit pa-
tients from the same larger pool of medical patients
requiring admission to Mayo Clinic, changes on one
service may affect the other. In this study, as the
percentage of unit-based admissions increased on
the resident services, the percentage of unit-based
admissions also increased on the nonresident ser-
vices, though to a lesser extent. Fourth, resident
duty hour violations and resident perception of

workload were self-reported. Finally, we did not ex-
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amine changes in objective measures of learning,
such as performance on in-service examinations.

CONCLUSION
These limitations notwithstanding, this study de-
scribes a model for reducing residents’ workload
while enhancing conference attendance and duty
hour compliance and maintaining patient safety. In
this era of further duty hour reform, residency pro-
grams are seeking new and innovative ways to rede-
sign their programs to maximize education while
maintaining safe, high-quality patient care.35-38

This model, incorporating census caps and unit-
based admissions, is one for residency programs to
consider as they attempt to implement the new duty
hour standards.
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